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OldWeather.org (www.oldweather.org/) and Data.
Rescue@Home (www.data-rescue-at-home.org)—
underscores the potential of crowdsourcing as a data 
rescue strategy.
To date, however, the potential of university stu-
dents to engage in data rescue activities for credit has 
not been systematically explored. Students represent 
a pool of interested, qualified, and instructor-guided 
talent that could, if harnessed, significantly accelerate 
progress in historical data rescue. Student–scien-
tist partnerships such as The Global Learning and 
Observations to Benefit the Environment (GLOBE) 
program are collaborations that engage students, 
teachers, and scientists in authentic research projects 
delivering context-rich, hands-on approaches to sci-
ence (Mitchell et al. 2017; Allan et al. 2011). Students 
gain important insights into processes underpinning 
research, while scientists gain access to otherwise 
unobtainable information (Vitone et al. 2016; Harnik 
and Ross 2003).
The present study describes a novel research-led 
accredited assignment as part of the geography 
program at Maynooth University in Ireland, in 
which final-year undergraduate students success-
fully transcribed more than 1,300 station years of 
daily precipitation data and associated metadata 
for the period 1860–1939. The student-rescued data 
relate to pre-1940 (post-1940 is already digitized) 
daily rainfall observations from 43 stations across 
Ireland. Most records commence in the early 1900s; 
however, a few extend into the 1800s. The earliest 
record transcribed commences in 1866, with the 
shortest in 1927. In this article we explore i) the 
potential for integrating data-rescue activities into 
the classroom, ii) the ability of students to produce 
reliable transcriptions, and iii) the learning out-
comes for students. We provide an overview of the 
assignment, its management, and the student aids 
implemented. Details of the workflow employed to 
evaluate student performance and facilitate the cre-
ation of a “corrected” data series are provided. In the 
final section, we discuss the student’s perceptions of 
Historical observations are fundamental for advancing understanding of past changes in climate. Fundamentally, what you do not 
observe, you cannot understand. Globally, how-
ever, the temporal extent of digitized records to 
this day remains grossly incomplete, with many 
records available in image or hardcopy formats only 
(Allan et al. 2011; Brunet and Jones 2011). The task 
of digitizing these data is daunting, both logistically 
and in terms of the sheer volume of records that still 
require rescue.
The capacity to extend current observational data 
holdings is largely dependent on the resources avail-
able to carry out the digitization and transcription 
process. Some records have been, and continue to be, 
rescued via professional keying, but this practice is far 
from sufficient to key all known records. Engagement 
of nonexperts or “citizen scientists” on a voluntary 
basis has become increasingly integral to the rescue 
and refinement of observational data across multiple 
scientific disciplines (Bonney et al. 2014). The success 
of ongoing citizen science applications—for example, 
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the project and reflect upon learning outcomes. Our 
experience demonstrates the substantial potential to 
extend such approaches to other universities, thus 
providing an enriched learning experience for the 
students and a lasting legacy to the scientific com-
munity. Project resources, including transcription 
templates, MATLAB code, and student aids, are 
provided as online supplemental material.
OVERVIEW OF ASSIGNMENT AND STUDENT 
AIDS. The assignment was set in the historical cli-
matology component of the final-year climate change 
course that focuses on the importance of long-term 
records for understanding past and contemporary 
climate change. The course takes place in semester 1 
(September–December) and is a large class with 142 
undergraduate students enrolled during the 2016–17 
academic year. The assignment, which accounted for 
33% of the course marks, was designed as a research-
led teaching experiment to reflect on the importance 
of historical climatology, to provide insights into the 
process of data rescue, and to explore the power of the 
crowd in rescuing and transcribing meteorological 
data. As a lead-in to the assignment, students were 
given a guest lecture by staff from Met Éireann to 
convey the scientific and cultural importance of the 
data they would be working with. To coincide with 
the transcription component of the coursework, 
students were required to submit a written reflection 
on the importance of historical climatology, utilizing 
material and publications presented in the module. 
Learning outcomes were designed to provide students 
with the following:
• firsthand experience in working with historical 
climate observations;
• a critical appreciation of the processes involved in 
data rescue, digitization, and quality-assurance 
procedures that are essential to understanding 
past climate variability and change; and
• firsthand experience with the powerful contribu-
tion that citizen science can make to the study of 
climatology, geography, and other disciplines.
Scans of more than 1,300 pre-1940 annual rain-
fall sheets (e.g., Fig. 1) containing daily precipitation 
values and associated station metadata, together with 
templates used in transcribing the data (Fig. 2), were 
provided by Met Éireann. Of the sheets provided, 
274 had been previously transcribed (keyed once) by 
Met Éireann. These data were used as a benchmark 
for student performance.
Upon receipt of the digital images, the file format 
was converted from a Portable Network Graphics 
(PNG) file type to a Joint Photographic Experts 
Group (JPEG) format, reducing file size from 17 Mb 
to ~1.4Mb, without any apparent loss of resolution. 
This facilitated the distribution of images to students 
and avoided potential logistical issues concerning 
students accessing large files. Each student was as-
signed 18 annual rainfall sheets to transcribe, and 
each sheet was assigned twice (i.e., to two different 
students). Such double-key data entry is a widely 
used method of quality control to detect incorrectly 
keyed information. For the purpose of this project, 
double-key entry was necessary for the allocation 
of student grades, as a component of the grade was 
based on transcription accuracy, which could only 
Fig. 1. Example of an annual rainfall sheet distributed 
to students.
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be ascertained through comparison. The assignment 
was set in an hour-long lecture that outlined both the 
assignment and the rationale. Individual directories 
containing 18 randomly selected annual rainfall 
sheets were created and distributed to each student 
via Dropbox along with a Microsoft Excel template for 
keying the data. Students were provided a link from 
which they downloaded their personalized directory 
and performed the transcription component of the 
coursework. Students were given five weeks in which 
to complete and submit their transcribed data.
Several additional student aids were implemented:
• A simple video tutorial was produced to describe 
the different sections of the annual rainfall sheets 
and to demonstrate the transcription process, and 
posted to Moodle, the university’s online learning 
platform.
• An automated quality-assurance check was 
integrated into the Excel template to generate 
a monthly total based on the daily values tran-
scribed. Comparison against the monthly totals 
recorded on the original sheet provided students a 
basic quality check to ensure transcribed monthly 
totals were consistent with the originals (Fig. 2).
• An online discussion forum was set up on the Moo-
dle course page through which teaching staff could 
address queries raised by students. Students were 
invited to post questions relating to, for example, dif-
ferences identified in monthly totals and difficulties 
interpreting metadata, or to clarify illegible values.
• An in-class check-in clinic was organized at the 
midway point of the assignment to highlight fre-
quently asked questions from the online forum 
and to allow students the opportunity to raise 
questions in class.
Once the assignment was complete, students com-
piled the transcribed files into a compressed zipped 
directory, maintaining a consistent file-naming 
convention, and then uploaded the files to the online 
course portal. Developing a file-naming convention 
that uniquely identifies the image and student (e.g., 
image number_student number.xlsx) was essential to 
data postprocessing. This allowed for a comparison 
between equivalent sheets based on image number 
Fig. 2. Template distributed to students for transcribing the data. Columns D–O contain the 31 × 12 array of 
values extracted for comparison against the corresponding file. Differences detected by the MATLAB code 
between the two corresponding files are highlighted in yellow. Columns Q–S contain respective values for 
monthly totals, total number of rain days per month, and total number of wet days per month as recorded 
by the observer. Column T (red font) shows the quality check used by the students to compare automati-
cally generated monthly totals to the monthly totals recorded by the observer and input to columns D–O.
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and assignment of grades to students based on an 
evaluation of their performance.
EVALUATING STUDENT PERFORMANCE. 
Figure 3 provides an overview of the workflow imple-
mented once student transcriptions were received. 
Having verified that consistent naming conventions 
existed for all student files, an initial comparison of 
the double-keyed data was performed. Student files 
corresponding to the 274 previously transcribed files 
provided by Met Éireann were also included. MAT-
LAB code was developed to compare double-keyed 
data by extracting the 31 × 12 array representing 
daily values for one year and to highlight cells where 
differences existed (Fig. 2). From this, two directories 
were generated: i) a consistent directory comprising 
student-transcribed files indicating zero differences 
between double-keyed sheets and ii) an inconsistent 
directory of student-transcribed files containing dif-
ferences between double-keyed sheets.
Utilizing results from the first comparison, a “cor-
rect” version of each file in the inconsistent 
directory was created by teaching staff. These 
corrected or “master” files were manually cre-
ated by examining highlighted 
differences against the original 
scanned images and then adjust-
ing transcribed values accordingly. 
Because this required consideration of solely a small 
subset of the total values transcribed, it was achieved 
in a matter of hours by two members of staff.
With master files now available for all original 
annual rainfall sheets (i.e., those showing no differ-
ences, together with the manually corrected files), 
a second comparison was performed to evaluate i) 
all student transcriptions against the corresponding 
master files to assess student errors and ii) student 
transcriptions against Met Éireann transcriptions for 
common sheets to benchmark student performance 
relative to Met Éireann. This second comparison 
generated a new set of consistent and inconsistent 
directories containing files with zero differences 
and files with greater than zero differences, respec-
tively. Results were derived from these two output 
directories.
Student grades were assigned based on the 
number of differences within any transcribed 
file. A file containing zero differences obtained 
full marks; for files showing differences, marks 
were deducted for each incorrect entry. Figure 4a 
displays the frequency (%) of student submissions 
being less than or equal to x, where x is the num-
ber of errors per transcribed file (bounded by 0 
and 365 for all years, except leap years when 366 
are possible), together with a bar graph (Fig. 4b) 
categorizing the total number of incorrect files 
by actual number of errors per transcribed sheet. 
When compared against the corrected master files, 
62% of student-transcribed files showed no errors. 
In 96% of student-transcribed files, fewer than 5% 
of data entries were incorrect (i.e., 96% of files had 
Fig. 3. Flowchart outlining the workf low from 
receiving student submissions to final output and as-
sessment of errors.
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fewer than 20 errors). A review of all incorrect files 
reveals that 57% of the transcribed files containing 
errors had fewer than 5 errors, 90% had fewer than 
20 errors, and only 3% had greater than 40 errors. 
Cumulative error across all 2,556 files transcribed 
by students reveals a percentage error of less than 
1%. In the unlikely event that both students were 
wrong (i.e., that they produced identical errors), 
the errors would not be detected in the comparison. 
Such errors would, however, be identified during 
the subsequent application of more comprehensive 
quality-assurance techniques.
BENCHMARKING STUDENTS AGAINST PRO-
FESSIONALS. A final assessment was carried out 
utilizing the 274 sheets transcribed by both Met 
Fig. 4. (a) Empirical cumulative distribution function (CDF) showing the frequency (%) of student submissions 
(n = 2556) being less than or equal to x, where x is the percentage of errors per sheet. (b) Total number of 
incorrect student sheets by number of errors per sheet. (c) Comparison of errors by error category for sheets 
transcribed by both students and Met Éireann (n = 274).
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Éireann and the students. This provided a benchmark 
against which student performance could be evalu-
ated. Figure 4c displays the proportion of incorrect 
files by error category. While the students have a 
smaller number of incorrect files overall (39% for 
students compared with 49% for Met Éireann), the 
majority of Met Éireann’s incorrect files lie in the 
lowest error-propensity category. Of the incorrect 
files from students, 52% contained fewer than 5 errors 
and 47% contained 6–40 errors, with the remaining 
1% of incorrect files showing more than 40 errors. For 
Met Éireann, 85% of incorrect files contained fewer 
than 5 errors; however, Met Éireann also had a greater 
number of incorrect files with more than 40 errors.
Upon further investigation, it was noted that dif-
ferent approaches to the transcription process (i.e., 
row based vs column based) had an impact on the 
number of errors produced within individual files. 
Specifically, the row-based approach employed by 
Met Éireann resulted in the majority of incorrect files 
falling into the lowest error category (i.e., ≤5 errors). 
Alternatively, the column-based approach adopted 
by the students produced a greater number of files 
containing errors in the intermediate categories (i.e., 
6–10, 11–20, and 21–40). Utilizing a column-based 
approach, the incorrect placement of a data value 
occasionally propagated down the entire monthly 
column. While the individual values were correct, 
differences were flagged due to the data values be-
ing input to the incorrect date/cell. An example of 
errors arising from the two different approaches is 
highlighted in Fig. 2.
Table 1. List of statements provided to students to assess learning outcomes and the extent to which propor-
tions of the class (%) agreed or disagreed with these statements (n = 62).
The assignment provided insights into  58 40 0 2 0 100 
the process of data rescue. 
I now have an appreciation of the role  55 39 5 2 0 100 
of historical data in climate research. 
Supports provided were sufficient to aid  66 29 2 3 0 100 
completion of the assignment. 
The process of working with the data/images  41 41 10 7 2 100 
was clear and easy to follow. 
The assignment provided insights into  44 35 16 5 0 100 
the power of citizen science. 
I would prefer to participate in CA like this  60 20 10 7 3 100 
over more traditional assignments. 
The workload was appropriate to the level  45 32 11 8 3 100 
of credit given. 
Overall, I found the assignment to be  44 44 6 6 0 100 
a valuable learning experience. 
I was more motivated than is usual for me  35 23 39 3 0 100 
in doing this assignment. 
I feel that I have contributed to  44 47 10 0 0 100 
understanding Irish rainfall trends. 
I think that future students would be pleased  52 37 5 5 2 100 
to participate in a similar assignment. 
I think that working with data is a useful  52 44 3 2 0 100 
skill to have gained. 
I did not gain any valuable skills from 0 2 11 34 53 100 
this assignment.
  Strongly    Strongly 
    agree    Agree  Neutral Disagree disagree  Total
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EVALUATING THE STUDENT EXPERIENCE. 
On completion of the project, feedback was pro-
vided to the students. First, we explained how the 
evaluation was performed and what the results told 
us about the accuracy with which the students had 
transcribed the data. Second, data transcribed by 
the students for a local station were collated and 
presented to the class to exemplify their contribution 
to understanding changes in historical rainfall. We 
discussed trends and notable events present in the 
early record and how it commensurately nuanced 
our understanding of long-term local climate. To in-
vestigate the students’ perspectives of the project and 
reflect upon their perceptions of learning outcomes, 
a formal assessment was conducted via anonymous 
questionnaire completed in class in the final week. 
Table 1 presents the list of statements provided to 
the students and the extent to which proportions of 
the class who responded agreed or disagreed with 
each of these statements.
The response was positive across all aspects of 
the assignment. The majority of students (>90%) 
gained insights into the process of data rescue and 
an appreciation of the role of historical data in cli-
mate research. The assignment afforded students a 
firsthand experience in working with raw historical 
climate data and dataset development—in particu-
lar, processes behind the cataloguing and imaging of 
historical rainfall sheets, the importance of double 
entry to avoid gross errors, and the value of meta-
data recorded by the original observers. More than 
90% of participants stated that they could see value 
in their contribution (extending available digital 
records) to understanding Irish rainfall trends. 
Presentation of the long-term time series at the end 
of the project supported this consensus. Notably, 
80% of respondents stated that they would prefer 
to participate in class assignments (CA) like this 
over other, more traditional, assignments. Students 
were given the opportunity to continue working 
with the data, but in smaller groups, in the second 
semester as part of a research methods workshop 
whereby they could conduct statistical analysis on 
the transcribed data and present findings in indi-
vidual research reports.
Students were asked to identify which student 
aids they found most useful in completing the 
assignment. The most popular were the online 
discussion forum and the video tutorial, at 44% 
and 36%, respectively. The management of these 
resources demanded a significant investment of time 
by teaching staff, particularly the online discussion 
forum, which received more than 500 queries from 
students. Nevertheless, effective management of the 
project and student aids facilitated the development 
of the corrected dataset by notably reducing the 
propensity for errors and the amount of time re-
quired to carry out postprocessing of the data. While 
questions have been raised over the accuracy and 
reliability of citizen science–produced datasets, a 
number of projects have demonstrated the potential 
for enhancing data quality through practical man-
agement (van der Velde et al. 2017; Kosmala et al. 
2016). Despite the success of this initial experiment, 
a number of issues arose that require consideration 
in future iterations:
• Given that the misplacement of daily values, 
rather than incorrect entry of data, was the main 
source of error, simple additions to the Excel 
template used to transcribe the data (e.g., delineat-
ing the margins of the columns and rows) could 
significantly reduce the propensity for errors. 
Additionally, adopting the row-based approach 
used by Met Éireann to transcribe the data could 
further reduce errors associated with the incorrect 
placement of data values.
• Reducing the number of sheets allocated to the 
students could potentially increase student mo-
tivation and further reduce the number of errors.
• Having successfully integrated the transcrip-
tion component into the coursework, the next 
iteration of the assignment will build in basic 
quality assurance and statistical analysis of the 
resulting dataset. Development of such skills will 
further deepen the research experience offered 
to students.
SUMMARY. We have outlined an initial successful 
attempt to integrate data rescue into the classroom 
using a research-led approach to teaching and learn-
ing that complies with the prerequisites of pedagogy 
within the university curriculum. Additionally, the 
project motivated students by engaging them in a 
practical exercise whereby their contribution adds 
considerable value to research. Such initiatives 
promote the development of mutualistic collabora-
tions between national meteorological services and 
higher-level institutions with the paired objectives 
of accelerating science. At the same time, students 
gain a firsthand understanding of the processes that 
underpin data rescue and research.
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Having established confidence in the transcrip-
tion, the next steps in developing a long-term daily 
rainfall network for Ireland will involve i) repeated 
iterations of this assignment with subsequent classes, 
ii) the application of comprehensive quality-assur-
ance and homogeneity techniques, and iii) analysis of 
the derived long-term record to assess changes in the 
characteristics of extreme rainfall events. Metadata 
transcribed by the students will be systematically 
extracted and catalogued to facilitate the process. A 
final objective is to make the data widely available to 
national and international researchers. To this end, 
the data shall be shared with the recently awarded 
Copernicus Climate Change Service Global Land 
and Marine Observations Database service led by 
coauthor Peter W. Thorne.
It is hoped that the framework outlined in this 
paper may be integrated into teaching programs 
across other universities and used to highlight the 
importance of historical meteorological sources to 
students and to encourage their involvement in data-
rescue efforts. We will provide the developed student 
aids to help realize this objective. These materials 
are available via both online supplemental mate-
rial and at www.maynoothuniversity.ie/icarus/data 
-rescue-classroom. The latter shall be updated as we 
make modifications in subsequent years.
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